Objectives Post-traumatic stress disorder (PTSD) and depression are both associated with coronary artery disease (CAD) in older adults. It is unclear whether PTSD is associated with CAD among older patients with depression, particularly ethnic/racial minority patients. We examined how PTSD relates to CAD in older depressed patients and how this relationship differed by race/ethnicity. Methods Medical records were used to identify White, Black, Hispanic, Asian, and American Indian/Alaskan Native patients (n=24,719; ages 60-96 years) with chronic depression. Adjusted logistic regressions were conducted to assess the cross-sectional association between PTSD and CAD in each racial/ethnic group. Results Among depressed Black patients, PTSD was associated with a 29 % increase in odds for CAD [adjusted odds ratio (AOR)=1.29; 95 % confidence interval (CI), 1.01, 1.66]. Conversely, PTSD was associated with decreased odds for CAD among Whites (AOR=0.90; 95 % CI: 0.84, 0.98) and Hispanics (AOR=0.65; 95 % CI: 0.44, 0.94).
Introduction
Post-traumatic stress disorder (PTSD) has been linked to increased risk for coronary artery disease (CAD) [1] [2] [3] . PTSD is found among an estimated 6 % of the general population and among 11.5 % of all Veterans receiving care at Veterans Affairs (VA) primary clinics [3, 4] . Data suggest older Black, Hispanic, Asian, and American Indian/Alaskan Native (AI/AN) Veterans may have higher rates of PTSD than their White counterparts [5] [6] [7] [8] . In addition to Black Veterans and other racial/ethnic minority Veterans having higher rates of PTSD, they often have elevated risk for CAD [9, 10] . However, research is scarce on the relationship between PTSD and CAD among racial/ethnic minority populations.
PTSD often co-occurs with depression [11] [12] [13] , which also has been linked to increased risk for CAD [14, 15] . Data from a study of current mental disorders among US Veterans reported that 82 % of Veterans with PTSD also had depression [16] . Despite this high psychiatric comorbidity, little is known about whether PTSD raises the risk of CAD among individuals with depression.
Research on CAD with PTSD and comorbid depression has largely been limited to a few studies of survey data that found PTSD was associated with self-reported angina after adjustment for depressed mood [3, 17] . Studies using the clinical data of Veteran populations with depression have reported that PTSD was associated with significant coronary stenosis [18] and was not associated with risk for acute cardiac events [19] , but neither study provided race/ethnicity-specific data. The purpose of the current study was to examine how PTSD relates to diagnoses of CAD among older White, Black, Hispanic, Asian, and American Indian/Alaskan Native patients with depression.
Methods

Participants
This cohort of patients with chronic depression (n=24,719) included White, Black, Hispanic, Asian, and American Indian/Alaskan Native older Veterans (60-96 years old) from a larger study of patients seen in VA outpatient care for depression treatment during fiscal years 2009 and 2010 [20] . Patients were deemed chronically depressed based on electronic medical records showing a recent visit for depression (ICD-9 codes: 296.2x, 296.3x, 298.0, 300.4, 301.12, 309.0, 309.1, 309.28, 311) and evidence of depression treatment in the 4 months prior to their most recent depression visit based on chart review. As previously described, 20 these data were derived from the Department of Veterans Affairs (VA) External Peer Review Program (EPRP), which selected patients at random from inpatient and outpatient settings to be included in a standardized review of abstracted electronic medical records to assess VA quality of care [21] . Specific groups (e.g., women) were over-sampled for quality purposes. Data from the EPRP were linked to inpatient and outpatient administrative data [22] , beneficiary and vital status files, and data from the VA Corporate Data Warehouse.
Due to the design of the larger study examining 6 months of depression treatment [20] , the current sample does not include patients with bipolar disorder or schizophrenia, patients who died within the 6 months after their most recent depression diagnosis, or patients from the Inpatient Spinal Cord Injury Unit (due to receiving majority of their care outside the VA). Psychiatric and medical diagnoses were derived from ICD-9 codes found for ≥1 inpatient visit or ≥2 outpatient visits. VA administrative records for mental health and cardiology diagnoses show good reliability when compared with medical records [19, 23] . The Institutional Review Board of the VA Puget Sound Health Care System approved the study.
Measures
Outcome Variable: Coronary Artery Disease Data on active CAD diagnoses were derived from ICD-9 codes (411.xx, 413.xx, 414.0x, 414.2, 414.8, 414.9, 429.2). Of interest were acute and subacute forms of ischemic heart disease, angina pectoris, other forms of chronic ischemic heart disease, and arteriosclerotic cardiovascular disease.
Independent Variable: PTSD PTSD Diagnosis of PTSD was based on ICD-9 code 309.81.
Covariates
Socio-demographic Factors Data were collected about patients' age, sex, and marital status (married vs. unmarried).
C a r d i o v a s c u l a r R i s k F a c t o r s a n d M e d i c a l
Comorbidities Outpatient and inpatient data were used to identify hypertension, diabetes, hyperlipidemia, obesity, and other medical comorbidities. The Charlson-Deyo Comorbidity Index [24] was modified to remove illnesses that overlapped with other study variables in order to capture other medical comorbidities. Chart abstraction provided data on smoking (never smoked, former smoker, current smoker) status and alcohol use via AUDIT-C scores, such that higher AUDIT-C scores indicate higher self-reported alcohol use/ misuse [25, 26] .
Treatment and Utilization Factors Due to the potential influence of medical and psychiatric service utilization, which often differs by race/ethnicity [27] , data were obtained on the prior year's number of visits to primary care and mental health clinics. Data also were collected on the number of outpatient psychotherapy sessions and inpatient psychiatric hospitalizations during the 6 months following the most recent depression diagnosis to provide information suggesting the extent of recent psychiatric difficulties and level of treatment [28] .
Data Analysis
Descriptive analyses were conducted to characterize the sample. Chi-square tests and analysis of variance were used to examine racial/ethnic differences in unadjusted variables. A series of logistic regressions were conducted to assess the association of PTSD with CAD among each racial/ethnic group. PTSD was entered in the logistic regressions after a standard set of covariates, which were selected based on prior literature [12, 19, 20, [27] [28] [29] and showed significant correlations with the variables of interest. These covariates were age, sex, marital status, hypertension, diabetes, hyperlipidemia, obesity, other medical comorbidities, smoking, AUDIT-C scores (alcohol use), prior primary care and mental health clinic visits, and recent treatment in inpatient and outpatient (psychotherapy sessions) care.
All variables in the analyses were categorical, with the exception of the continuous measures of age, primary care visits, psychotherapy sessions, and AUDIT-C scores. To reduce the substantial positive skew in the variables for psychotherapy sessions and AUDIT-C scores, these variables were log10 transformed.
Results
Sample Characteristics
Overall, data on sample characteristics (Table 1) suggested that racial/ethnic minority patients were significantly different from White patients and that the Black, Hispanic, Asian, and American Indian/Alaskan Native patients were often notably different from each other. CAD varied significantly by race/ethnicity (p<0.001). Unadjusted data indicate that CAD diagnoses were most prevalent among Whites (27 %) and least prevalent among Blacks (17 %). Conversely, PTSD was more common among all racial/ethnic minorities than Whites (p<0.001), with PTSD found in 40 % of Whites, 48 % of Hispanics, 50 % of Asians, 56 % of American Indians/Alaskan Natives, and 58 % of Blacks. Compared to their White, Hispanic, and Asian counterparts, Blacks were younger (p's<0.001) and less likely to be married (p's≤0.001), similar to American Indians/Alaskan Natives. Hispanics had the highest proportion of married Veterans (61 %).
Unadjusted data on cardiovascular risk factors and other comorbidities indicated that each racial/ethnic group had the highest prevalence of at least one cardiovascular risk factor. Having hypertension and ≥3 other Charlson-Deyo comorbidities was most common among Blacks (68 % and 10 %, respectively). Hispanics had the highest rate of diabetes (47 %), while Whites and Asians had the highest prevalence of hyperlipidemia (51 %). Whites also had the highest rate of diagnosed obesity (13 %). Current smoking was highest among American Indians/Alaskan Natives (27 %), Blacks (27 %), and Whites (24 %), but among these groups, American Indians/Alaskan Natives had the greatest proportion of patients that had quit smoking (13 %). Compared to Whites and Hispanics, Blacks had higher prior utilization of mental health clinics (≥11 visits) (p's<0.001). Blacks also were more likely to undergo a psychiatric hospitalization than their White counterparts (p<0.001).
Logistic Regressions of PTSD on CAD by Race/Ethnicity
Results for the race/ethnicity-stratified logistic regressions of PTSD on CAD among older adults with depression are shown in Table 2 and described below. 
Asians
The association between PTSD and CAD did not reach statistical significance (p=0.07) among Asians, though the estimate is similar to the finding in Hispanics (AOR=0.60; 95 % CI: 0.35, 1.05). Few significant associations were found between covariates and CAD. Similar to their White counterparts, married Asians had higher odds of CAD (AOR=2.10; 95 % CI: 1.23, 3.60).
American Indians/Alaskan Natives
This group did not exhibit a significant association between PTSD and CAD. Few associations were found between CAD and the covariates, other than male sex and having ≥3 other medical comorbidities. In addition, odds of CAD increased in this group if they had hypertension (AOR=1.93; 95 % CI: 1.01, 3.69).
Discussion
In this sample of older patients with chronic depression, the association of PTSD with CAD varied by race/ethnicity. PTSD was associated with a higher likelihood of CAD, but only among Blacks. These older Black patients with depression had a 29 % increase in the odds of having a CAD diagnosis if they had PTSD. The opposite was true for depressed White and Hispanic patients whose odds for CAD were 10 % and 35 % lower, respectively, if they had comorbid PTSD. Asian and American Indian/Alaskan Native patients with depression showed no association between PTSD and CAD. To our knowledge, this is first study to provide race/ethnicity-specific data on diagnosed CAD in relation to PTSD and relevant correlates for older Black, Hispanic, Asian, or American Indian/Alaskan Native adults with depression.
Overall, unadjusted data showed that CAD diagnoses were more prevalent among Whites than Blacks. This is similar to reports of Blacks having less coronary obstruction than Whites, despite having higher mortality from CAD [30] . However, our results indicated that these Black depressed patients lose their lower CAD advantage if they also have [31] . Thus, while it is possible that they were exposed to more recent trauma that promoted the development of PTSD, it seems more likely that their PTSD-related trauma exposure occurred decades earlier while serving during these military eras. Additional research with longitudinal data is needed to assess whether older Black Veterans with depression suffer more cardiovascular consequences from PTSD than other Veterans. In community samples, Blacks often underutilize medical and mental health services [27, 32, 33] , which could contribute to poorer health. The data suggest this is not the case in this VA sample of Black patients. Thus, the relationship between PTSD and higher odds of CAD found in this group does not appear to be due to them having a general underutilization of medical or mental health services. However, we do not have information about the nature of services utilized and whether there were any racial/ethnic differences in treatments received for PTSD.
Interventions that provide social support specifically for this population, such as the group treatment program for Black Veterans with PTSD established at our hospital [34] , can reduce PTSD-related social isolation and distress. Such social support also might have stress-buffering effects on cardiovascular health [35, 36] . In addition, these patients could derive cardiovascular benefits from stress reduction approaches, such as transcendental meditation, which has been associated with lower blood pressure and reduced risk for all-cause mortality, myocardial infarction, and stroke among Blacks adults with CAD [37] . Regarding medical management of Black patients with comorbid depression and PTSD, clinicians should be aware of the potentially increased risk for CAD and may want to focus closer attention on preventative health screens and cardiovascular risk reduction in these patients. Screening for PTSD is standard across all patients in the VA system. It may be beneficial for some non-VA sites to incorporate similar PTSD screenings.
In contrast to the depressed Black patients in this sample, their White and Hispanic counterparts had significantly reduced odds of CAD if they had PTSD. The causes of these racial/ethnic differences are uncertain and require further study. Perhaps the finding that Whites with PTSD had reduced odds of CAD was influenced by the accompanying relationships between greater utilization of mental health treatment (e.g., prior year visits to mental health clinics, psychotherapy visits during observation period) and lower CAD. However, the association between PTSD and lower odds of CAD in Hispanic patients was not accompanied by similar links between greater utilization of mental health services and lower odds of CAD. Although PTSD has been linked to cardiovascular disease and cardiovascular risk factors [38] , few studies have examined such relationships among individuals diagnosed with depression and little is known about racial/ethnic variations in such relationships. While one study that utilized medical records reported that PTSD did not predict incident myocardial infarction among depressed Veterans [19] , another found that PTSD was associated with self-reported heart disease after adjustment for depression in a sample of young to middle-aged American Indians [39] . Overall, the racial/ ethnic differences in the observed associations between PTSD and CAD in the current study may reflect racial/ ethnic variations in the strength of relationships between PTSD and certain types of cardiovascular disease among individuals with chronic depression.
The prevalence of PTSD in this sample was higher among racial/ethnic minorities than Whites. While this study oversampled for PTSD and is focused on older adults with depression, these racial/ethnic disparities in PTSD are parallel to the findings of other studies showing that PTSD was higher in racial/ethnic minority Veterans than White Veterans [5, 6, 8] . Additional research is needed to understand racial/ethnic disparities in PTSD, not only for the sake of mental health, but also for the sake of physical health, given the increased odds of CAD observed among depressed Black patients with PTSD.
The prevalence of CAD was similar among Hispanics, Asians, and American Indians/Alaskan Natives, roughly 21-23 %. While hypertension, diabetes, and hyperlipidemia were significant in the models of CAD among Whites and Blacks, only hypertension reached statistical significance in the models for American Indians/Alaskan Natives and none of these CAD risk factors reached significance in Hispanics or Asians. It is possible that this is due to limitations of the sample sizes for these groups. However, additional research is needed to assess whether the strength of associations between these cardiovascular risk factors and CAD may vary among older adults according to race/ethnicity. For example, while smoking was most prevalent in American Indians/ Alaskan Natives and Blacks, current smoking was not significantly associated with CAD within these groups.
Similar to their White counterparts, Asians had higher odds of CAD if they were married. This seems to be inconsistent with the literature suggesting marriage is beneficial to cardiovascular health [40] . However, our measure of marital status does not convey length of relationship, marriage quality, or marital stress. As with the aforementioned associations between cardiovascular risk factors and CAD, which varied according to race/ethnicity, additional research is needed to assess whether being married differentially confers risks or benefits according to race/ethnicity among older adults with depression.
Strengths
This research adds to the limited literature available on cardiovascular risk among those with dual psychiatric diagnoses. Given the frequent co-occurrence of mood and anxiety disorders, such research may represent a more realistic representation of certain populations, particularly Veterans. The study adds to the sparse cardiovascular literature on depression or PTSD conducted with older Black, Hispanic, Asian, or American Indian/Alaskan Native samples. Its reliance on medical records that documented diagnoses of CAD, CVD risk factors, PTSD, and depression, rather than relying on selfreports, strengthens the findings. Another strength is the large overall sample size and noteworthy prevalence of diagnosed PTSD, which allowed for detection of differences. The cohort was derived from patients obtaining care from VA medical care at sites throughout the USA, which should enhance generalizability to other VA patients. Utilization of administrative data allowed for adjustment of potentially influential factors that are difficult to account for in other types of studies examining psychiatric disorders for links to CVD, such as documented medical comorbidity (vs. self-report) and accounting for factors of treatment and service utilization.
Limitations
Though these cross-sectional data from depressed patients provide useful preliminary findings, the relationship between PTSD and CAD in different racial/ethnic groups needs to be further studied with longitudinal data and in samples that do not have depression. Although our overall sample is large, racial/ethnic minorities had notably smaller sample sizes than Whites. However, the proportions of Blacks, Hispanics, Asians, and American Indians/Alaskan Natives in the current sample (10.7 %, 4.0 %, 1.9 %, and 1.4 %, respectively) are generally consistent with those found in the overall Veteran population (10.8 %, 6.0 %, 1.3 %, and 0.6 %, respectively) [41] , despite the fact that the current sample is specifically examining a sample of older Veterans with depression. Notwithstanding the relatively small sample sizes for minority Veterans, these data help fill a gap in the literature on PTSD and CVD in older Black, Hispanic, Asian, and American Indian/Alaskan Native adults.
Another potential limitation is the study's over-sampling for PTSD. Although PTSD is more prevalent among Veterans than non-Veterans, it is unclear how well our findings would generalize to non-depressed patients in the VA or to non-VA populations. Further, we had no information on depression or PTSD symptom severity, which could have influenced results. The study also over-sampled women. While the sample sizes of women within most of the racial/ethnic groups were too small for sex/race analyses, sex-stratified logistic regressions conducted on the overall sample (data not shown) indicated that PTSD and CAD were not significantly associated in depressed female patients, but showed an inverse association in their male counterparts (reflecting the pattern in men of all racial/ethnic groups except Black men). However, given the current study's sample limitations, it would be useful to examine PTSD and CAD in a larger racially/ethnically diverse sample of women.
While we accounted for several aspects of psychiatric care, these data cannot specifically account for effectiveness of psychotherapeutic or pharmacologic treatments in treating either depression or PTSD. The study could not assess the relationship of PTSD to CAD in depressed individuals who used non-VA healthcare. Thus, some cases of PTSD and CAD among Veterans may not be captured in these data. The data also are not able to address the issue of potential under-diagnosis of depression or PTSD within the VA. However, the VA healthcare system's performance guidelines and electronic clinical reminders for medical staff to conduct regular screening of both depression and PTSD likely reduces the number of undiagnosed cases of depression and PTSD.
While this study is strengthened by its data being derived from medical records, it is possible that coding for CAD and other study variables could contain errors. In addition, we were able to account for diagnosed obesity, but not BMI, which might have produced different results. The level of diagnosed obesity in the race/ethnicity groups ranged from 11 % to 13 % among these depressed older adults, with the highest prevalence of obesity diagnosis found in White patients (13 %). A large survey-based study by Nelson [42] reported an obesity rate of 28 % for Veterans (ages 18 and older) receiving VA healthcare and that those over 60 years old had a 25 % increase in odds of obesity (reference group: ages 18 to 39). Based on those findings, it is possible that our diagnosed obesity variable did not capture all individuals with obesity in this sample. Another possible limitation is that the data on smoking were based on self-reports and provided no information about the extent or duration of smoking among current and former smokers. In addition, data on other potential confounders (e.g., diet, exercise) were not available in this dataset. Finally, these data cannot establish temporal ordering or causation between PTSD and CAD among Black patients.
Conclusion
Results suggest that the relationship between PTSD and CAD varies according to race/ethnicity among older patients with depression. PTSD was associated with an increase in the odds of having CAD among Black depressed patients. However, it was associated with lower odds of CAD among their White and Hispanic counterparts, while the association did not reach significance among their Asian or American Indian/Alaskan Native counterparts. The findings suggest that Black patients with PTSD and depression may have an elevated burden of CAD.
